Maternal obesity is a risk factor for offspring obesity. The melanocortin 4 receptor (Mc4r) is one of the mediators of food intake and energy balance. The present study examined the epigenetic mechanisms underlying altered Mc4r levels in the hypothalamic paraventricular nucleus in the offspring of high-fat diet (HFD)-induced obese dams and sought to elucidate the role of thyroid hormones in epigenetic regulation and tagging of their nucleosome at the Mc4r promoter. Female Wistar rats were fed an HFD or standard chow from weaning through gestation and lactation. Epigenetic alterations were analyzed in the offspring on postnatal day 21 at the Mc4r promoter using chromatin immunoprecipitation and bisulfite sequencing. To study the role of triiodothyronine (T3) in Mc4r downregulation, dams received methimazole (MMI), an inhibitor of thyroid hormone production. Offspring of HFD-fed dams had a greater body weight, elevated plasma T3 concentrations, and lower Mc4r messenger RNA levels than controls. At the Mc4r promoter, offspring of HFD-fed mothers demonstrated increased histone 3 lysine 27 acetylation (H3K27ac) with a greater association to thyroid hormone receptor-b (TRb), an inhibitor of Mc4r transcription. Moreover, TRb coimmunoprecipitated with H3K27ac, supporting their presence in the same complex. Maternal MMI administration prevented the HFD reduction in Mc4r levels, the increase in TRb, and the increase in the TRb-H3K27ac association, providing further support for the role of T3 in downregulating Mc4r levels. These findings demonstrate that a perinatal HFD environment affects Mc4r regulation through a T3 metabolic pathway involving histone acetylation of its promoter. (Endocrinology 158: 842-851, 2017) T he offspring of obese mothers are at risk of a high birth weight, an increased fat mass, childhood resistance to insulin or leptin, and a greater tendency to develop obesity and diabetes during their lifetime (1-5). One of the mechanisms underlying obesity, previously described by our laboratory, and others, suggests that maternal nutrition affects epigenetic regulation of the pro-opiomelanocortin (Pomc) promoter, leading to malprogramming of satiety signals (6). POMC and neuropeptide Y/agouti-related protein neurons in the hypothalamic arcuate nucleus are considered "firstorder" neurons, primary targets for hormones and metabolites from the periphery of the body (7). A cleavage product of POMC, a-melanocyte-stimulating hormone, activates second-order neurons in the paraventricular nucleus (PVN) and other hypothalamic nuclei through the melanocortin 3 receptor and melanocortin 4 receptor (Mc4r) (7).
T he offspring of obese mothers are at risk of a high birth weight, an increased fat mass, childhood resistance to insulin or leptin, and a greater tendency to develop obesity and diabetes during their lifetime (1) (2) (3) (4) (5) . One of the mechanisms underlying obesity, previously described by our laboratory, and others, suggests that maternal nutrition affects epigenetic regulation of the pro-opiomelanocortin (Pomc) promoter, leading to malprogramming of satiety signals (6) . POMC and neuropeptide Y/agouti-related protein neurons in the hypothalamic arcuate nucleus are considered "firstorder" neurons, primary targets for hormones and metabolites from the periphery of the body (7) . A cleavage product of POMC, a-melanocyte-stimulating hormone, activates second-order neurons in the paraventricular nucleus (PVN) and other hypothalamic nuclei through the melanocortin 3 receptor and melanocortin 4 receptor (Mc4r) (7) .
Of the five known melanocortin receptors, Mc4r is most closely linked to body weight (BW) regulation (8) . In the PVN, Mc4r takes part in feeding regulation, and in other brain areas, it plays a role in energy expenditure (9) . Eight weeks of high-fat diet (HFD) consumption decreased hypothalamic Mc4r levels (10), severely disrupting feeding circuit homeostasis. However, the mechanisms underlying these alterations remain poorly understood. We hypothesized that the levels of Mc4r might be determined by an epigenetic code, based on both posttranslational modifications of histones and DNA methylation (11, 12) . These two types of epigenetic modifications maintain the structure of chromatin, either open or closed, allowing transcriptional activation or repression, respectively.
Triiodothyronine (T3) is the only physiological, highaffinity ligand for the nuclear thyroid hormone receptor (TR) (13) . Mc4r levels in mice can be modulated by the binding of different TR isoforms to its binding elements (TREs). One of these TREs, on the Mc4r promoter, has been shown to be important for T3-dependent repression of Mc4r levels (14) . To obtain additional insight into this cellular mechanism, we interfered with this pathway using methimazole (MMI), an anti-thyroid drug used for the treatment of hyperthyroidism in pregnant women (15) . MMI blocks the synthesis of thyroid hormones by inhibiting thyroid peroxidase, which catalyzes the iodination and coupling of tyrosyl residues on thyroglobulin (16) . Our results present a mechanism of geneexpression alteration in the offspring of obese dams involving T3-dependent epigenetic repression of Mc4r in the PVN.
Materials and Methods

Animals
Wistar rats (Envigo, Jerusalem, Israel) were raised at Bar-Ilan University. From postnatal day (PND) 22 to PND 80, female rats received either a HFD or standard chow. They were then mated, and their offspring were studied. Standard chow (Teklad Global rodent diet 2018SCF [18% protein, 6% fat]; Envigo) or the HFD (rodent diet D12492, with 60% fat; Research Diets, Inc., New Brunswick, NJ) was freely available. Food intake was converted to kilocalories as follows: 1 g chow diet equaled 3.1 kcal and 1 g HFD equaled 5.24 kcal. The lights were on a 12:12-hour light/dark cycle. The litter size was adjusted on PND 1 to 8 to 10 pups per litter. Only female offspring were studied. The institutional animal care and use committee approved the research, which adhered to the Guidelines for the Care and Use of Laboratory Animals, 8th edition (2011; available at http:// grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratoryanimals.pdf).
MMI treatment
On day 10 of gestation, one-half of the HFD-fed dams and one-half of the chow-fed dams received 0.02% (weight-tovolume ratio) MMI [Sigma-Aldrich, St. Louis, MO; HFD diet subgroup given MMI (HFD-MMI) and control subgroup given MMI (C-MMI), respectively] through their drinking water until pup weaning (PND 21). The MMI protocol was adapted from Hasegawa and Wada (17) and has been used previously in our laboratory (18, 19) .
Hormone analysis
Plasma concentrations of T3 and thyroxine (T4) were assessed using radioimmunoassay (RIA) kits (Cisbio Bioassays, Codolet, France), according to the manufacturer's instructions.
Brain sections
Frozen coronal brain sections of the hypothalamus were cut using a cryostat (21.3 to 22.12 mm from bregma according to Paxinos and Watson (20) . The PVN was extracted using a truncated needle (32-gauge diameter). The PVN punches were either immersed in RNALater (Ambion, Austin, TX) or frozen in dry ice.
RNA isolation and real-time polymerase chain reaction
RNA was isolated and reverse transcribed, as described previously (6) . Real-time polymerase chain reaction (PCR) was performed, in duplicates, with 10 ng of complementary DNA, in a model 7000 sequence analysis system (Applied Biosystems, Foster City, CA), with the Absolute Blue SYBR Green ROX Mix (ABgene, Epsom, UK). Dissociation curves were analyzed after each real-time PCR to confirm the presence of only 1 product and the absence of primer dimer formation. The threshold cycle (Ct) for each tested gene (X) was used to quantify the relative abundance of that gene using the formula: 2 _ (Ct gene X _ Ct standard). Hprt1 was used as a reference gene for reverse transcription-quantitative PCR (qPCR), because it is not affected by treatment. The primers were (5 0 →3 0 ): Mc4r forward, GCACAGTATCGGGCGTTCTT, reverse, GAGGCCATGA-GAACCAGCAT; Hprt1 forward, GCGAAAGTGGAAAAGC-CAAGT, reverse, GCCACATCAACAGGACTCTTGTAG.
Chromatin immunoprecipitation analysis
Chromatin immunoprecipitation (ChIP) assays were performed using the SimpleChip Chromatin IP Kit (Cell Signaling Technology, Beverly, MA) according to the manufacturer's instructions, with several modifications. The tissues were crosslinked with 1% formaldehyde for 10 minutes, followed by the addition of 700 mL per sample of sodium dodecyl sulfate lysis buffer (1% sodium dodecyl sulfate, 10 mM EDTA, 50 mM Tris; pH 8.1) and sonication for 7 rounds of 10 pulses each with a Vibracell Sonix (maximal power, 750 W; Sonics and Materials, Newtown, CT), at 30% maximal power to obtain 200-to 1000-bp fragments. Next, 100 mL sheared chromatin sample mixed with 400 mL ChIP buffer was used for immunoprecipitation with antibodies directed against TRb (1:250; Abcam, Cambridge, UK) or histone 3 lysine 27 acetylation (H3K27ac; 1:250; Millipore, Darmstadt, Germany 
DNA methylation analysis
Total DNA was isolated using TriReagent (Molecular Research Center, Cincinnati, OH) according to the manufacturer's instructions. DNA samples were converted by bisulfite treatment using the Imprint DNA Modification kit (Sigma-Aldrich). The Mc4r promoter area, 2597 to 222 bp upstream of the coding sequence, was amplified with primer pair (5 0 →3 0 ) forward, TATTTTAGTAGTTTTGGTTATTG, reverse, AGGTTGGAT-TATTTTAAGGAGGATT. The PCR products were cloned into pGEM-T Easy plasmids (Promega, Madison, WI), followed by transformation into JM109 competent Escherichia coli cells (Promega) and plasmid purification with QIAprep Spin Miniprep kit (Qiagen, Crawley, UK). The Mc4r promoter was analyzed by sequencing (Macrogene Inc., Seoul, Korea), and the percentage of 5-methylcytosine was measured from five to six clones per rat.
Coimmunoprecipitation
PVN samples were homogenized on ice with 500 mL lysis buffer (25 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 5% glycerol, and protease inhibitor cocktail) and immunoprecipitated with anti-TRb antibody (5 mg per sample) overnight. For mock immunoprecipitation (background), antimouse IgG antibody (3 mg per sample; Millipore) was used. Antigen-antibody complexes were separated using Pierce protein A/G magnetic beads (Pierce Biotechnology, Rockford, IL). Immunoprecipitated samples and their inputs (5% of total amount of protein) were western blotted and probed with antiH3K27ac antibody overnight. The membranes were washed and then incubated with anti-rabbit IgG horseradish peroxidase-conjugated antibody (Amersham Biosciences, Little Chalfont, UK) at room temperature for 1 hour. The chemiluminescent signal was detected using SuperSignal West Pico chemiluminescent substrate (Pierce Biotechnology) in an Image Master VDS-CL (Amersham Pharmacia Biotech, Uppsala, Sweden). The antibodies used are listed in Table 1 .
Statistical analysis
Differences in messenger RNA (mRNA) levels (reverse transcription qPCR) and T3 (RIA) between the HFD and standard chow pups were analyzed using Student's t test. In addition, we performed Pearson product-moment correlations for Mc4r mRNA levels, TR association in chromatin, and the individual rats' BWs. Differences in methylation patterns were analyzed using x 2 analysis. For examination of MMI's effect on BW and hormone and mRNA levels, two-way univariate analysis of variance (ANOVA) was performed, followed by tests for simple effects with least significant difference (LSD) adjustment. The ChIP results were analyzed using one-way ANOVA. Significance was set at P , 0.05, and statistical analyses were performed with SPSS, version 20.0, software (IBM Corp., Armonk, NY).
Results
Levels of Mc4r mRNA are attenuated in offspring of HFD-fed mothers and correlated negatively with BW
We previously reported that the offspring of HFD-fed dams weigh more than the offspring of chow-fed dams at PND 21 (6). This weight difference was reflected in the plasma leptin concentrations. The offspring of HFD dams presented with threefold greater concentrations than agematched controls (6) . In the present study, we found that PVN Mc4r mRNA levels in the HFD pups were lower than those in the chow pups [0.7-fold; t (19) = 2.22; P , 0.05, Fig. 1(A) ]. Moreover, an overall negative correlation was found between Mc4r levels and BW [n = 21; r = 20.578; P , 0.0011; Fig. 1 
(B)].
A difference in epigenetic marking at the Mc4r promoter between HFD pups and controls was identified in H3K27 acetylation but not in CpG methylation We investigated whether epigenetic regulation mediates the reduced Mc4r mRNA levels in the HFD pups. The results showed that both groups, HFD and chow, had very low CpG methylation levels at the Mc4r promoter with no substantial difference between them Fig. 3(A) ]. One of these-the TRE-was previously shown to regulate Mc4r levels in hyper-and hypothyroid animals (22) . Using ChIP analysis, we found a significantly greater association of TRb to the Mc4r promoter in the HFD pups than in the chow pups [ANOVA, F (2,15) = 7.220; P = 0.006; Fig. 3(B) ]. In addition, the overall TR association correlated positively with individual BW [n = 12; r = 0.668; P , 0.05; Fig. 3 
(C)] and negatively with
Mc4r levels [n = 12; r = 0.738; P , 0.01; Fig. 2(D) ]. The increased TR association did not result from greater TRb production, because no between-group difference was found in the mRNA levels (data not shown).
RIA analysis of TRb ligands-the thyroid hormones-in the plasma revealed greater T3 concentrations in HFD pups compared with the controls [n = 14 to 15 per group; t(27) = 6.582; P , 0.001; Fig. 3(E) ]. Moreover, the T3 concentrations correlated positively with individual BW [n = 29; r = 0.834; P , 0.001; Fig. 3(F) ]. The T4 levels were not significantly different between the groups (data not shown).
To demonstrate a direct interaction between TRb and H3K27ac modification, both components were coprecipitated. PVN samples were precipitated with anti-TRb antibody and then blotted with anti-H3K27ac antibody. This demonstrated greater interaction between the proteins in the HFD pups. Moreover, the total H3K27ac level (input sample) was also greater in the offspring of obese dams [ Fig. 3(G) ]. 
MMI treatment of HFD-fed mothers reversed the obese phenotype in their offspring
To substantiate our hypothesis that T3 regulates Mc4r transcription, we used a pharmacological intervention that decreases the production of T3 and T4. MMI blocks the synthesis of thyroid hormones by inhibiting thyroid peroxidase, the catalyst of iodination and coupling of tyrosyl residues to the thyroglobulin (16) . Two-way ANOVA showed that MMI prevents the HFD-induced increase in the T3 concentration in treated animals with a substantial interaction between diet and treatment [F (1, 62 Fig. 4(A) ]. The plasma T4 concentration was downregulated by MMI treatment [F (1,61) = 981.14; P , 0.001] in both MMI-treated groups [F (1,68) = 981.14; P , 0.0001; Fig. 4(B) ].
In addition, the offspring of MMI-treated dams had a lower BW than their parallel diet counterparts that received water [one-way ANOVA, F (3,63) = 298.05; P , 0.001]. An LSD post hoc test revealed that with the chow diet, MMI reduced the pups' BW, with a statistically significant difference (24.33 6 0.62 g; P , 0.001), compared with the water control (41 6 0.5 g). With the HFD diet, MMI reduced the pups' BW to that of the chow pups' BW [41 6 1.16 g; Fig. 4(C) ].
Although the MMI effect on BW did not interact with the diet condition (tested with two-way ANOVA), qPCR analysis of Mc4r mRNA levels showed an important interaction between diet and treatment factors [F (1,34) = 4.814; P , 0.05], with the HFD pups that did not receive MMI presenting with significantly lower Mc4r mRNA levels compared with the other groups [ Fig. 4(D) ].
We used the ChIP assay to determine whether MMI changed the degree of TRb association with the Mc4r TRE area in the offspring of HFD-fed dams. We found that MMI significantly reduced this association by 72% in the HFD-MMI group compared with the HFD pups [one-way ANOVA; F (4,23) = 4.19; P , 0.05, with post hoc LSD tests, P , 0.05, compared with control pups; Fig. 4(E) ]. Furthermore, because we hypothesized that the TRb association levels would be associated with H3K27ac, we tested the level of this modification at the Mc4r promoter site. MMI treatment reduced the levels of H3K27ac in the control offspring by 60% and reversed the increase in H3K27ac caused by maternal HFD nutrition by almost 50%, back to the level of the control offspring [one-way ANOVA; F (4,32) = 4.80; P , 0.01; with post hoc LSD tests, P , 0.05; Fig. 4(F) ]. Immunoprecipitation with IgG antibody served as a background control.
Discussion
Although much attention has been paid to the role of Mc4r function in the development of obesity, the mechanisms underlying Mc4r levels were unknown. In the present study, we found that obesity is accompanied by a reduction in Mc4r mRNA levels, increased plasma T3 concentrations, and elevated TRb association with H3K27ac at the TRE on the Mc4r promoter. Furthermore, we found that TRb and H3K27ac are crosslinked when coimmunoprecipitated. Taken together, these data suggest a possible complex that involves recruitment of histone acetyltransferase enzymes by TRb.
The offspring of HFD-fed mothers had a higher BW than that of the controls at weaning (data not shown). Methylation was evaluated using sequencing of bisulfite-treated DNA from PVN punches. The total number of methylations in each position was calculated by averaging the total methylations for all the rats in the same group (n = 6 per group, 5 to 6 colonies per rat; P = NS). (B) Evaluation of H3K27ac binding. PVN samples were immunoprecipitated with antibody against H3K27ac and subjected to qPCR with specific primers to the TRE area at position 2570 to 2490 bp upstream of the Mc4R coding sequence and primers to a control area, 23091 to 22996 bp upstream of the Mc4R coding sequence. Control group PCR abundance was set to 1; IgG was used as a negative control. Chow (control [C]) pups, n = 13; HFD pups, n = 9; IgG, n = 6. Data presented as mean 6 standard error of mean; *statistically significant change from chow group at P , 0.05. The increased BW might have result from one or several of the following factors: (1) differences in the maternal milk components (23); (2) exposure of the offspring to HFD nutrition, because a few days before the "official" weaning age, the rats start to independently ingest food; and (3) malformation of the hypothalamic metabolic circuits due to the HFD-enriched maternal environment. In a previously reported cross-fostering study, the offspring of chow-fed dams that were fostered by HFDfed dams during the lactation period gained more BW and had greater adiposity and impaired leptin signaling than did the HFD pups fostered by chow-fed dams (24) . We found a generally similar pattern in cross-fostering studies that used a different model of obesity (25) (26) (27) . This, with the accumulating evidence for the effects of maternal nutrition on the development of feedingregulation circuits in offspring (28, 29) , suggests that the excessive BW of the offspring in the present study was more likely to have resulted from consumption of high-fat maternal milk during the nursing period resulting from the maternal diet.
Assessment of Mc4r mRNA levels at the weaning age revealed significantly lower levels in HFD pups compared with controls [ Fig. 1(A) ]. These results are in agreement with another study in which 8 weeks of HFD decreased Mc4r levels in several hypothalamic nuclei (10). Moreover, our results showed that the overall Mc4r levels correlated negatively with BW [ Fig. 1(B) ], strengthening the association between maternal HFD and Mc4r downregulation in the offspring. The offspring of HFD dams weighed more and presented with a greater concentration of leptin hormone than age-matched controls (6) . Leptin signaling in PVN TRH neurons occurs by both direct activation and an indirect pathway involving Mc4r (30, 31) . It should be noted that in addition to the PVN, Mc4rs are expressed in other brain areas, such as the nucleus tractus solitarius, where they are also involved in regulating food intake (32) . The regulation of its levels in those areas might also involve epigenetic alterations; however, this was not explored in the present study.
Long-term repression of Mc4r levels can be driven by alterations in epigenetic marks. Analysis of the Mc4r promoter showed very low CpG methylation in both HFD and chow pups [ Fig. 2(A) ]. In contrast, a study previously conducted on 2 mouse strains showed reduced DNA methylation in the Mc4r exon after HFD consumption (33) . The contradictory findings can be explained by the different genomic areas that were tested (exon vs promoter), the different spatial location examined in the brain (whole hypothalamus vs PVN), and the different developmental stages of exposure to HFD (maturation vs perinatal). Alteration in Mc4r gene levels can also be explained by local histone posttranslational modifications near the promoter.
The H3K27ac mark has been previously associated with accessible chromatin structures of promoter sites (34) . Therefore, we hypothesized that acetylation is involved in opening the regulatory area of Mc4r to allow the association of repressors such as TRb with the DNA. We found increased association levels of TRb in the pups of HFD-treated mothers compared with the control group [ Fig. 3(B) ]. Furthermore, the overall TRb association levels correlated positively with BW and negatively with Mc4r mRNA levels of the individual rats [ Fig. 3 (C) and 3(D)] and were found to be linked to H3K27ac modification [ Fig. 3(G) ]. This mechanism is strengthened by previous reports of TSH's negative regulation by thyroid hormone in a histone acetylationassociated manner, when T3 treatment triggered the release of a corepressor complex composed of histone deacetylase 3, transducin b-like protein 1, and nuclear receptor corepressor/silencing mediator for retinoic and TR from the TSH promoter (35) . Microarray analysis also showed that some of the TR negatively regulated genes with increased histone acetylation marks (35) .
The regulation of Mc4r gene levels is probably a concerted result of the activity of several transcription factors. In the present study, we focused on the role of TRb. It should be noted that in the same promoter's vicinity, other potentially relevant transcription factor binding sites are present, such as the binding site for cyclic adenosine monophosphate, the cyclic adenosine monophosphate response element-binding protein [ Fig. 3(A) ]. TRs have been previously shown to inhibit the transcriptional activity of cyclic adenosine monophosphate response element-binding protein and to repress the activation of CRE-containing promoters (36) . Further research is needed to investigate whether this is the case in Mc4r regulation. T3 is the only physiological, highaffinity ligand for nuclear TRs (13) . The T3 concentration in the circulation of HFD pups was greater than that in the controls [ Fig. 3(E) ], but the T4 levels were not significantly different between groups. Thus, we suggest that TR recruitment to the TRE in the HFD pups might be (E) PVN samples were immunoprecipitated with antibodies to TRb and then subjected to qPCR with specific primers to the TRE area at position 2570 to 2490 bp upstream of the Mc4R coding sequence and primers to area 23091 to 22996 bp upstream as a control. Control PCR abundance was set to 1; IgG was used as a negative control; C-pups, n = 8/group; C-MMI, n = 4 to 5 per group; HFD pups, n = 5 per group; HFD-MMI, n = 4 per group; IgG, n = 3 to 4 per group. (F) Samples were immunoprecipitated with antibodies to H3K27ac and treated as in (E); C-pups, n = 12 to 13/group; C-MMI, n = 4 to 5 per group; HFD-pups, n = 9 to 10 per group; HFD-MMI, n = 4 per group; IgG, n = 5 to 8 per group. Data presented as mean 6 standard error of mean; *P , 0.05. the outcome of the greater availability of T3 in the brain, driven from the circulation.
To make a strong case for T3 involvement in the regulation of Mc4r by way of an epigenetic mechanism, a correlative approach is not enough; an interventional approach is needed. Thus, we used a pharmacological inhibitor of thyroid hormone production. MMI and propylthiouracil (PTU) are the standard anti-thyroid drugs used in the treatment of hyperthyroidism in pregnant women. MMI causes a specific pattern of rare teratogenic effects after firsttrimester exposure, and PTU therapy can be followed by rare but severe hepatotoxic sequelae. Therefore, PTU has been recommended for treatment of maternal hyperthyroidism during the first trimester of pregnancy, and MMI is recommended for use after the first trimester (37) . To determine the medical effect on the offspring, we administered MMI to pregnant dams from the second half of gestation through lactation at a commonly used dose in rats (0.02%) (38, 39) .
The pharmacological treatment with MMI lowered T3 and T4 concentrations, as expected [ Fig. 4(A) and 4(B) ] and reduced the BW in both treated groups. However, the HFD-MMI subjects remained heavier than the C-MMI pups [ Fig. 4(C) ]. An overdose of MMI treatment can cause developmental delay (40) ; therefore, the reduction in BW found in the present study, as in others, might represent retarded growth in both C-MMI and HFD-MMI offspring. However, we were interested in the effect of MMI-induced thyroid hormone depletion on the Mc4R levels. A comparison of PVN Mc4r mRNA levels showed that the MMI offspring groups (C-MMI and HFD-MMI) did not differ significantly from those of the control pups [ Fig. 4(D) ]; therefore, MMI treatment prevented the HFD downregulation effect. Similarly, MMI prevented the upregulation of TRb binding and the increase in H3K27ac in HFD pups [ Fig. 4 (E) and 4(F)], confirming our suggested connection between TRb association and H3K27ac modification.
In conclusion, we suggest a model for the epigenetic downregulation of Mc4r in obese offspring of HFD-fed mothers. Usually, a HFD will signal "overeating" through leptin activation of the ObRb receptor, which, in turn, will activate the expression of POMC as a prehormone of a-melanocytestimulating hormone, which binds to the Mc4r, activating its pathway. In the present study, we have demonstrated a possible pathway for obesity driven by upregulation of T3, increased association of TRb, and elevation of H3K27 acetylation at the Mc4r promoter (Fig. 5) . These findings open another avenue for the development of novel potential treatments of childhood obesity by Mc4r regulation by T3, which might prevent, or at least reduce, the risks and complications associated with excessive BW. 
